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Introduction
Minimal residual disease (MRD) in patients with solid tumours is characterised by the occurrence of cancer cells in patients who underwent resection of the primary tumour and are currently without clinical manifestation of the disease. These may include circulating tumour cells (CTC), disseminated tumour cells in bone marrow (DTC) or cells within the lymphatic system [1] . These isolated cells are considered precursors of micro-metastases. The idea of MRD detection in solid tumours is to use it for the identification of epithelial cells in mesenchymal compartments, i.e. in bone marrow, blood, and the lymphatic system [2] .
Isolated tumour cells are usually present in concentrations which cannot be detected with standard methods. These cells are detected with techniques of molecular biology, quantitative real-time RT-PCR is the most sensitive method. The principle of real-time RT-PCR is the detection of a specific marker of tumour epithelial cells at the level of the RNA se quence (information RNA-mRNA). The real-time RT-PCR method makes it possible -on the basis of quantification of the expression of tumour markers -to detect the presence of a single tumour cell in a population of 10 million non-tumour cells. This method is approximately 3 times more sensitive than immunohistochemical determination, and -with regard to the absolute quantification in an oncological patient -it is able to determine the difference in the number of tumour cells present in peripheral blood and in bone marrow [2] [3] [4] [5] [6] .
Material and methods
Between September 21, 2006 and December 31, 2008, 124 patients diagnosed with colorectal carcinoma were operated on with the laparoscopic approach at the Department of Surgery, Hospital and J.G. Mendel Oncological Centre Novy Jicin [7] . The results were compared with 147 patients with colorectal carcinoma, stage I-III and R0 resection performed with open surgery at the 1 st and 2 nd Departments of Surgery, University Hospital in Olomouc, between 2004 and 2008 [8, 9] . Patients with treatment other than resection (i.e. stoma, bypass, exploration), those with duplicate tumour disease, and those who underwent any type of oncological treatment in the past, were not included in the study. In patients included in the study there were not (at the time of surgery) diagnosed synchronous distant metastases of colorectal carcinoma, and in all the patients radical (R0) resection was performed. Details on stage of the disease are given in Table I .
In the patients included in the study 6 samples were taken to detect isolated tumour cells: 1) system venous blood sample collected at the beginning of surgery (pSVB), 2) bone marrow sample collected at the beginning of surgery (pBM), 3) venous blood of mesenteric bloodstream (v. mes.
inf., v. ileocolica, v. colica media) (iPVB), 4) system venous blood sample collected immediately after the resection (aSVB), 5) system venous blood sample collected one month after the resection and prior to oncological treatment (mSVB), 6) bone marrow sample collected one month after the resection and prior to oncological treatment (mBM). After the patients were anaesthetized, before surgical management pSVB and pBM samples were collected immediately. To avoid contamination of the sample with skin epithelium, a second portion of peripheral blood was sampled. Bone marrow puncture was performed from the sternum (with a minimum skin incision). At the beginning of the resection Evaluation of laparoscopic resection of colorectal carcinoma from the viewpoint of molecular biology the iPVB sample was collected. The place of sampling was chosen according to the location of the primary carcinoma, according to the assumed subregion/ catchment area. The sample was taken after a selected vein was clipped, from the spot located immediately under and going peripheral to the clip. After the resection, the second sample of system venous blood was collected (aSVB). One month after the surgery and prior to oncological therapy the control samples of system venous blood (mSVB) and bone marrow (mBM) were collected. Blood and bone marrow samples were stored in PAXgene Blood RNA Tubes (Qiagen, Valencia, CA, USA). The tubes contain stabilization solution. 2.5 ml of blood or bone marrow was injected into each tube, and the contents were properly mixed. Tubes were stored for 2 h at room temperature to fix core cells and to lyse erythrocytes. Afterwards the tubes were stored at -20°C.
As the tumour marker for the detection of MRD, carcinoembryonic antigen (CEA) was used. The realtime RT-PCR was performed using 100 ng cDNA, overall RNA entering into reverse transcription, with the reaction volume of 25 μl. MasterMix was prepared from 2.5 μl 10× PCR buffer, 0.5 μl 10 mM dNTP, optimized amount of primers, probe, and MgCl 2 , DEPC water, and 1U Taq polymerase. After real-time RT-PCR the analysis itself was performed. The obtained results of individual marker expression were standardised in the amount of isolated RNA entering into reverse transcription. After the complete quantification of CEA expression with the real-time RT-PCR technique, we had to create a standard curve. The standards were 10× diluted PCR amplicons containing the sequence of the marker tested. The calculation of the number of copies was based on the known molecular weight (length of an amplicon), spectrophotometric given concentration, and Avogadro constant.
Cut-off values of the positivity in the sample of venous blood from mesenteric bloodstream were determined at the value ≥ 100 copies in μg of RNA, in the sample of venous blood from peripheral vein at the value ≥ 100 copies in μg of RNA, and in the bone marrow sample at the value ≥ 200 copies in μg of RNA. Cut-off values were defined on the basis of the values in the period before the relapse of the disease, and on the basis of the overall survival of patients in the group (disease-free survival -DFS, overall survival -OS), which were related to the value of MRD. The cut-off value is the value that makes the maximum difference between DFS and OS curves. 
Results
The group of patients with laparoscopic management
Comparison of the finding in system venous blood collected at the beginning of surgery (pSVB) and that in system venous blood collected immediately after carcinoma resection (aSVB) in patients with laparoscopic surgery shows a statistically significant impact of surgical treatment on recording a positive finding of CTC in system venous blood in patients who are primarily negative (p < 0.025). A statistically significant relationship (p < 0.015) was recorded in comparison of CTC presence in system venous blood drawn immediately after the resection (aSVB), and in system venous blood collected one month after the surgical management (mSVB).
The follow-up period of the patients with laparoscopic resection of colorectal carcinoma (CRC) varies between 1.08 and 36.6 months (median = 21.4 months). One hundred percent of patients in this subgroup were monitored.
The evaluation of the disease-free survival (DFS) brought the following results: all patients with stage I were without relapse during the follow-up. One patient (1.9%) with stage II was diagnosed with metastases in both lung lobes 10 months after the primary surgical management. In stage III no locoregional relapse was found. In 13 patients with stage III (27.1%) generalization of the disease was recorded. In 7 patients metachronous metastases of the liver were diagnosed; in 1 patient the metastases were accompanied with the finding in the lungs. Lung metastases were found in 1 patient, metastases in distant lymph nodes in 1 patient, and carcinosis of parietal and visceral peritoneum was recorded in 4 patients. Within the short follow-up period there was not found a statistically significant correlation between MRD finding and relapse of the disease (p < 0.59). However, Kaplan-Meier analysis suggests an association that might, in the following period, show a relationship between MRD and the period of time before the relapse of the disease (Figure 1) .
When detecting a possible correlation between MRD findings in different samples, we are only able to record an indication of some trends. Due to the fact that only a small subgroup of patients experienced relapse of the disease or death due to the disease progression, and that a large group of patients with positive MRD findings is currently being censored, the preliminary results regarding DFS can be made in selected samples only. Within the short follow-up period, there has not been recorded a relationship between CTC finding in pSVB (p < 0.33), aSVB (p < 0.14), mBM (p < 0.24) and DFS. However, in all analyses we can see a certain trace of prediction of a potential relationship with a positive MRD finding and higher risk of early relapse of the disease.
To evaluate the overall survival related to MRD finding in individual samples, and thus related to potential prediction of the eventual progression of the disease, we have to evaluate results after a longer period of time since the resection. However, even in the follow-up with a median of 21.4 months, it is possible to see some correlations. In the group with stage I no morbidity was recorded. One patient with stage II (1.9%) died on the 33 rd day after the surgery due to multiple organ failure. The death was not due to progression of the malignant process. In stage III 9 patients died (18.8%). One patient with the anamnesis of chronic renal insufficiency died on the 53 rd day after the surgery due to renal failure, and the death of 8 patients (16.7%) was related to generalization of colorectal carcinoma.
The evaluation of the finding in pSVB showed no statistically significant correlation (p < 0.075) between CTC presence and cancer-specific survival (CSS) of patients. Nevertheless, we may expect a potential direct correlation between positive CTC finding in pSVB and shorter survival of these patients. A statistically significant relationship (p < 0.52) was not found between CTC finding in iPVB and CSS within the period of the follow-up either. However, the evaluation of CSS related to CTC presence in system venous blood collected immediately after the resection (aSVB) showed a statistically significant correlation (p < 0.004). In comparison with negative patients those with a positive finding in this sample had significantly shorter CSS during the follow-up period (Figure 2 important factor (p < 0.05) suggesting higher risk of relapse in this group of patients was CTC finding in the sample of system venous blood taken prior to surgery ( Figure 3 ). Even more significant factor (p < 0.01) -from the viewpoint of prognosis -seems to be a DTC positive finding in bone marrow taken a month after the resection (Figure 4) .
Furthermore, we identified a specific risk group of patients with a negative DTC finding in bone marrow sampled prior to surgery (pBM) and with the minimum 60% increase in the expression of CEA (mBM) after the surgery. In this subgroup of patients the risk of relapse of the malignant disease was significantly higher (p < 5 × 10 4 ) ( Figure 5 ).
The risk of relapse is almost four times higher (HR = 3.729) in the group of MRD positive patients compared with the group of MRD negative patients. In the whole group of patients with open surgery the DFS median was 19.7 months [8, 9] .
Discussion
So far, the evaluations of laparoscopic resections for colorectal carcinoma have been focused on clinical aspects [10] [11] [12] [13] . There are only a few published studies about MRD detection in patients with laparoscopic resection of colorectal carcinoma (CRC). Chen et al. worked with a set of 42 patients with laparoscopic resection of CRC. They discuss the impact of mini-invasive surgery on circulating tumour cells (CTC). The CTC was detected with real-time RT-PCR by determination of guanylyl cyclase C (GCC) mRNA in the peripheral blood sampled prior to surgery, during the surgical management, and two weeks after the surgery. Despite the increasing interest in CTC detection related to the progression of the disease, they did not record any significant difference in the With regard to CTC detection in peripheral venous blood sampled prior to surgery, immediately after the management, and 24 h after the resection, the authors did not find any difference between the two subgroups of patients [15] . Our results for pSVB and aSVB show that there is statistically significant impact of laparoscopic surgery on positive CTC finding in system venous blood in primary negative patients (p < 0.025).
Hardingham et al. point out the important relationship between cancer cells present in peripheral blood detected with the PCR method and DFS in patients with CRC [16] . However, this opinion is not accepted generally. Individual circulating cancer cells are commonly destroyed by protective mechanisms of the body. Fidler proved in an animal model that only less than 0.1% of circulating cancer cells may become the basis for the occurrence of distant metastases [17] . Nevertheless, some authors maintain the position that the presence of circulating cancer cells is prognostically important. Patel et al. report the relationship between MRD, the stage of the disease, and surgical management. Prior to surgery they examined samples of peripheral blood in 116 patients with CRC. In 81 patients (70%) they found with the RT-PCR method positive CEA or CK20 in peripheral blood. Moreover, the number of RT-PCR positive patients decreased significantly over 24 h after the surgery. However, the dependence was recorded in the subset of patients with Dukes' A or B stage and the decrease was statistically significant [18] . Similar conclusions were stated by Ito et al. and Wang et al. The authors, independently from each other, demonstrated a relationship between CEA mRNA expression detected with the RT-PCR approach with poor prognosis of the disease and the occurrence of metachronous metastases in the liver in patients after resection of CRC [19, 20] . The opinions on the importance of MRD detection in peripheral blood and the impact on the clinical development of the oncological disease vary. There still remain questions about technical problems of the examination. Another problem is represented by the potential impact of manipulation with the tissue affected with tumour during the surgical treatment, when cancer cells may penetrate the blood stream. Though this theory is not generally accepted, it is supported by the increased concentration of mRNA after the surgery [21, 22] . In our research no statistically significant correlation between the stage of the disease and CTC present in system venous blood sampled in laparoscopic patients at the beginning of surgery (p < 0.49), or in system venous blood sampled immediately after the resection (p < 0.61) was found. However, results for the sample of system venous blood taken a month after the surgery suggest a potential relationship between the stage of the disease and CTC finding (p < 0.075). Evaluations of DFS at stage I-III of the disease did not show a correlation between DFS and detected CTC in pSVB (p < 0.33) or in aSVB (p < 0.14) in patients treated with laparoscopic resection. In comparison with negative patients (p < 0.004), patients with a positive finding in system venous blood sampled after the surgery (aSVB) showed significantly shorter overall survival during the followup. In patients with open surgery the finding of CTC in the sample of system venous blood collected prior to surgery (pSVB) became a prognostically important factor (p < 0.05) referring to higher risk of disease relapse.
The liver is considered the primary extranodular location for the origin of CRC distant metastases. Therefore, we have been focusing on the detection of cancer cells from portal blood stream. Sadahiro et al. did not report a statistically significant relationship between positive finding in peripheral blood and in portal blood. On the other hand, they found an unexpectedly high incidence of positive findings in portal blood also in patients with early detected CRC [23] . Taniguchi et al. describe a significant relationship between CEA mRNA expression and depth of the invasion of tumour in an organ, vascular and lymphatic invasion and histological type of the carcinoma. We recorded a decrease of two-year DFS in patients with CEA mRNA detected in the portal circulation, compared to those with a negative finding. However, an identical difference was also recorded in examination of the peripheral blood [24] . Iinuma et al. used real-time RT-PCR and demonstrated a signifi-cant correlation between positive finding of CEA/CK20 mRNA in portal blood and the depth of cancer invasion, vascular invasion, and presence of metastases in lymphatic nodes and liver. They observed significantly shorter DFS in patients with CEA/CK20 mRNA expression in peripheral and portal blood, compared to those with negative findings [25] . In our research we did not record a direct relationship between positive finding of CTC in iPVB and the stage of the disease (p < 0.80) in patients treated with laparoscopic resection. The short time evaluation of the overall survival with regard to CTC finding in iPVB has not shown any statistically significant correlation (p < 0.52).
Practical clinical implications of DTC incidence in bone marrow are still unclear. Lindemann et al. informed about the shorter DFS in patients with positive findings of DTC in the bone marrow aspirate [26] . Flatmark et al. focused on the detection of DTC in bone marrow of patients with CRC using an immuno-magnetic approach. The positive finding of DTC in bone marrow was recorded in 17% of patients who underwent surgery. The proportion is lower in comparison with studies using the RT-PCR technique. Nevertheless, they report a direct relationship between the increased number of positive findings and advanced stage of the disease [27] . In our set of patients treated with laparoscopic resection, no statistically significant relationship between the stage of the disease and DTC finding in bone marrow sampled prior to surgery (p < 0.035) was found. The analysis of bone marrow sampled one month after laparoscopic resection (mBM) proved no statistically significant relationship (p < 0.24) between DTC finding and DFS during the short follow-up period. A positive finding of DTC in bone marrow sampled 1 month after resection (mBM) seems to be an important prognostic factor (p < 0.01) in the subset of patients with open surgery. Patients with negative DTC detection in bone marrow sampled prior to surgery (pBM) and with the minimum of 60% increase of CEA expression after the surgery (mBM) represented a risk group. In this subgroup of patients we found a statistically significant (p < 5 × 10 4 ) increase in relapse of the disease.
Conclusions
The results obtained for patients with primary colorectal carcinoma treated with laparoscopic resection and open surgery are not completely clear. However, they suggest a direct correlation between MRD presence and relapse of the disease in patients after R0 resection of colorectal carcinoma, and overall survival of the patients. The comparison between the data obtained in the laparoscopic approach and the data obtained in open resection performed from the viewpoint of molecular biology did not show a significant difference in MRD detection in the samples collected after the surgery.
The presented results should be considered a preliminary report assessing the potential impact of the new prognostic marker in patients with CRC.
A more precise evaluation of the relationship between MRD detection and prognosis for patients with CRC may be given only on the basis of further collection of samples and evaluation of results within the ongoing research of at least 5 to 10-year follow-up period.
